:■ 

XL 


Chase  Allied 
3.  hHLtfNH  You  royalty,  lpi^O 


- 


'Ulcient  of  the 
Be 


OOGU- 

wcrt- 
TY 


C-  J-~ 


•»...... 


.  .  .  . 


...................................... 13 

««•»••»•»••»»*.•»»*•«•»•»»•••«•»••••»#. 1" 
BBtricn.it  Di  ;iey  ft  tnta . . 1? 

--..»*.. 

il  ®9E5>oratva*OB  I 

Co.  aluatod  by  Survival 



Cold  Roc  <se  as  avail. 



of 

-    ■ 

^  -■•»••• ^1 

.......................... 

J|l 

....I^ 


ii 


m 


Tt»  pbenossnon  of  winter  hardiness  lias  ]  >  observed  In 

plants,     m  anount  of  livury  resul'..'  i  exposure  to  a  glv. 

low  tenp^rature  varies  greatly  £v  KB*  to  plant  or  even  on  UMI 

3023G  plant  at  different  t         .     Mfl  phenoiaenon  ia  ied  by  a 

lex  {?pouj>  of  factors  of  both  in.  external  rw* 

•7  and  Glarl  ,    &yes  and  Oarber  (19 }  and  «t  /e 

^•attostratod  the  eonplaxlty  of  the  actual  causes 
the  Inherl-:..  -.racteristic.     temperature,   light*  •.  oils- 

ture  and  rx  rfcriti  /ital  external  factors  co  ntroll 

the  win**?  hardiness  o  .  vest! 

1   (51),  Suneao  &3)»  Foster 

Laudo   (30),  i  ($3)  and  samy  others,     IJone  of  I  asternal 

factors  taw*  a  oi:,:p  latiortship  to  cold  resistance  but  Investi- 

gate a  of  all  •  envlro  factor*  "nave  been  the  chief 

Jlseovcri^;  arid  understand!        .     o  of  the  internal  ear. 
of  cold  resistance* 

T:  ortance  of  tlils  problems  Is  well  by  a  pe- 

rusal for  the  first  forty  y*ars  of  tl&s  eontu: 

$&senborr      ...    )  reports  that  an  a  f  11  per  cent  of  tli© 

acreage  of  sinter  wheat  was  •  I  fro:  to  192fi,  wi 

was  1  to  winter  •     Baylea  si  lor   (2)  state 

tliat  wheat  losses  fro:    1         to  1931  were  1  per  cent  in  so 

wlntors  while  la  ot'ners  as  aaich  as  60  per  cent  was  destroyed,  w: 


an  average  of  10  per  cer  . .   uieenbGr  Ui-0)  stress  th» 

importance  of  the  probleu  In  a  wheat  due  to 

winter  kilHn  at  as  frou  all  the  diseases  eeia* 

bine"..  Mtf  Sttl  ;o,   but  .         ,  economic  loss  caused  by  low 
taaperature  In  fall,  winter  or  spring  has  for  aany  years  stissula  od 
interest  a:  by  ssany  scientific  workers  In  aany 

countries,  as  to  trie  basic  cause  aad  effect  of  this  injury.  It 
is         .  as  t     It  of  research  into  those  basic  causes  in- 

lligsnt  plant  brooding  and  effective  aathods  of  control  could  be 
derired  to  allevla!     s  great  yearly  drain  on  our  a  ;rioultural 
econoE^*  ?he  efforts  of  science  during  tlao  last  fifty  years  have 
not  been  wi    5  effect,  although  IBM  basic  cause  of  winter  har- 
diness of  plants  still  reaains  but  si*  .  2b*  re- 
duction of  econo:-iic  loss  baa  boon  substantial  due  to  introduction 

1  iaprovoiser.t  of  wintor  hardy  varieties,  eu"     ion  Methods  and 
date  o        .        a  proble     f  vital  isiportanco  is 
further  emphasized         ort  of  t    I       ;;ricu     I   Or- 
ganisation of  nations  ($f)   wh"  before 

9   war  about  o  e-lialf  of  fche  world's  population  waa  subsisting 
at  a  level  of  food  consumption  Which  was  not  high  enough  to  mi  - 
taln  nonaal  health,  allow  for  average  growth  of  children  or  fur- 
niah  enough  energy  for  dally  wor;  . 

Sbls  study  was  undertaken  to  dote:     sosae  of  the  possible 
eta  of  t     orient  level  of  the  fields  in  which  winter  wheat 
is  grown  U|  jauoe  of  the  crop  to  low  temperature, 

Laudo       sgor  (31)  found  that  winter  wheat  grown  on  fertile 
soils  survived  cold  i  on  Infertile  soil.  Additional 


information  is  needed  as  to  the  role  of  varlu  In  ppa-* 

|«r    lants  for  winter         .  &*tibmt  this  difference  in 
aurviv    ttseen  fortile         II©  soil  is  attributable  to  a 
difference  in         lam  of  pi;      an  in  different  nutrient 
lovols  or  onco  in  opj)GEE»tunity  for  to  re; 

*aja  Ka  .  rc-o.;  .  bllab  fcbaraee&v  a  i  ttar  ftp  aat  ig  la  iaaataavai  la 
this  research  problea* 

3inoe  zaany  factors  involved  in  winter  killing  are  beyond  the 
control  of  rasn*  any  saodiflcation  of  the  environmental  eonditic 
such  as  t}*a  availability  of  nutrients,  car/  go  far  in  af foe  ting  i  - 
teroal  eharaotorlstlc     irolli    •  a  llity  of  the  plant  to  re- 
aist  eold  and  tlms  nake  a  contribution  of  sose  value  toward  the 
final  solution  of     robiaa* 

: 

2he  resulting  injury  to  plants  after  exposure  to  cold  tea- 
porature  baa  been  studied  by  numerous  investlgat       a  general 
subject  has  boon  reviewed  by  aany  aut     (5>*  l\l*   3<->#  32,  2    it 
a  literature  corxeoraed  with  the  nutrient  level  of  plants  in  ro- 
Lp  to  winter  hardiness  ia  rsach  restricted  as  oosparad  to 
or  aspects  of  t^e  problem* 

It  seesss  fairly  wall  accented  by  rsoat  taen  working  on  the 
problen  that  cold  resistance  in  plants  is  founded  in  aoae  physio- 
cher.&cal  properties  of  tlio     plaaa  which  are  not  filly  under- 

I  nor  has  a  practical  neano  of  aaaau :•;.     so  properties 
pot  be.  ough  higfr  eorrelations  betseen  prot 

aracterlsti;  laaa  bean  four;    varioua 


w©rl:era.  BM  ;rodigoua  asount  of  II  tor  a  re  on  this  e    et  raakes 
It  necessary  to  llrdt  the  sec     '  this  review  and  tlierefor©  only 
those  references  are  cited  tfiioh  are  concerned  with  cold  resistance 
in  relation  to  fertility  level  of  the  soil. 

In  their  study  of  tlas  influence  of  fertilisers  in  protecting 
com  against  froesing*  Sfegl  )  concluded  ti*t 

.ion  of  t  increases  ti:o  osiaotic  par     >  of  „ 

sap  in  you::         ts*  yt  in  turn  lowers  the  freeslnc  tea* 

pe:    I  of  the  plant  fron  one  to  two         jntigrade.  Shay 
found  that  "in  every  case  the  u     Liisod         frozen  as 
•  x>ro 

Qolbort  (21)  al         ;atod  cold  re:  .  Ho 

exposed  the     ts  to  free:.    ;enper  ditio 

by  mans  of  a  portable  rofrigerati on  rmdiine  and  observed  that 
plants  grov         soil  to      fertilisers  had  been     ed 
were  aero  resistant  to  cold  than  the  plants  of  the  ssjae  strain 
growing  in  untri     ooil»  Sos»  strains  a  ilble  to  cold  is?han 

grown  in  unfertilised  soil  were      2  in  t  , 

by  exposure  for  a  few  nt&utos  to  a  temperature  of  33  to  3k  decrees 
.  -^ese  easts  i        r«d  no  visible  injury  wben  growa  in  the 
aaae  soil  s     3d  with  a  hill-drop  application  of  a  £-l£~£  fer- 
tiliser 100  pounds  per  acr  ,  ima   ^apeaed  for  four 
hours  to  a  teapermture  of  30  u       .   albert  noted 

.fc  even  men  there  was  no  v      injury  at  the  felas  of  free  sing 
later      -tion  at  Iiarvc^t  tissa  revoa:  3  of  the 

unfoz>tili~ed  plants  had  not  increased  in  wei$»t  after  the  tiiae  of 
frees!  :,  ;hereas,  oars  frcra  the  fertilised  pH  ,  exposed  to  tine 


frooslng  t8B$xwrafei-:  increased  i  .J»t  after  f: 

1  eere  ft!  cac^ara-  a  fertilised  ears  not 

'.;;:;;<     .-.;■:'    to  fro  :s!v:     fee  |M*rature«     Hta   CO  tcl   siena    MM*   Mi  plaits 
are  more  fe»  cold,  both  ir  ng  plant  stags  and  In 

t3sa  maturing  stags  when  grown  on  siore  soil,         in 

reeraant  yith  ttia  «ork  of  1M@1.  \> 

ribauac  (  Mrt&ll  jhreo  dtf  6  aoilo  and  found  that 

the  porcontaco  of  oaopaal.plan'o  I  was  t»o  to  throe  t&mm  as 

great  in  the  aoils  as  m  fertilised  plots, 

ereaaed  resistaaaee  to  cola,  ha  cone  ,  was  due  to  nitror 

|MMttfaWtM  MP  POM lea  but  did  not  assign  t  e  resistance  to  any 

one  olaraaot.  jtaasiur;  Ml  .»oased  relate  f  the 

j.o  cold  .  J  groat  .-at  extent. 

i    ($3»   $i*  $0p  u-  cultures  utrie.vb  so? 

ti  iaa  extensive"  died  the  of  foot  of  nitrogen,  pho.  is 

and  potassium  en  the  hardiness  of  sheet,  oats,  barloy,  rye*  to- 
aatoea  and  boons*    Tb&  nutrients  ware  supplied  aa  high,  normal, 
lov  and  :aiuus  e>asatitics  of  those  elements.     In  Ms  uork  on  bar- 
loy, Ij©  a  receiving  an  abundance  of  nitrogen  and 
phosphorus  **ai-  acts*  to  cold.     'Peata  on  bear. a, 
tomi          -its  repealed  that  tiiose  plants  reoc 

of  a  otas;j  ,iliser  re- 

ceived the  neat  proneunc  jury,  ishile  a  nutrition  rich  t 

;asaiua  Increased  the  ;  *  the  plants  to  cc     .     In 

oral,  he  found  ijjx  qu  .  of  potassic-t  sere  aaso- 

elated  Mil         a  area  a?  exposure  to  fr  ;  teas* 

-aturos;   low  a.  id  noraal  nitrogen  availability  sere  Eiost  conducive 
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to  resistance  to  cold;  low  I    Miami  qiuantitles  of  phoap 

also  #*vc    greatest  resistance,    a  lowest  survival  or  plants 

usual       tod  when  the  so  ©lesjonts  ware  absont. 

I&cia  (29)  notod  that  potato  vinos  fertilised  with  potassium 
were  nore  reaiatr.  thai     •  vines  in  plots  without 

;i  ligation* 
In  aiSaV&awttt  jericilliag  of  vego table  crops  In 

■v  ..  ;.  ■-.. .  ^,  pilaw  {  2)  fertilised  o  >  ftwtf  or  a:.  «r*a  of 
winter  300  pounds  of     .      ^uai  winterkilling 

occurred  in  tjso  un treated  areas  whi'     >so  receiving  the  potash 
sade  largs  root  system  and  developed  Safes  hoalt 

Boswell  (3),  working  with  ea     .  found  that  heavy  applica- 
tions of    oqooous  fertiliser  in  the  plant  bod  produced  1 
aaeeulont  p  jrkillec:    ../  but  under  fi       itlons 

m  fertilisers  had  no  apparent  influence, 

Uain-3  loaf  lettuce,  aw*d  lottuce,  cauliflower #  and  cabbage* 
Hoea  Cljl)  observed  that  plants  grown  on  poor  soils  (sand  and  var- 
ious ataounts  of  eoapost )  were  smaller  and  gpew  sore  si      t  v;ero 
sure  resistant  to  cold  than  plants  grown  on  better  soils.     also 
found  that  plants     g  a  liberal  quantity  of  isolsture  were  less 
-  than  plants  receiving  a  s&nimin  qua:-    jf  asoisture,  Rosa 
concluded  that  *any  treatment  materially  cheeking  the  growth  of 
ants  increases  cold  resistance. 

-joa  (I     ow  cabbages  under  Id$i  and  low  levels  of  avail- 
able  r&trogon,  phosjfoortts  and  a    ".us  but  did  net  change  the 
roe  of  I  tardiness  of  the  plant 


Lett  (3l*}#  atndyins  the  cc  m  of  ehaaical  co^oaltion 

in  rogard  to  bardinoao  in  bra?,:        ,   inersasod  hardiness  by  rejaov- 
,i3  first  troo  crops  of  shoots  from  Vtm  raspberry  hushes. 
iHaon  en  r  "  tion- 

reateaont  to  *5.  '  of  Baldwin  apple 

;enoral  reduced  winter  ry  and  that 

nitrogen  fo:  or  alone  @a*e  &  greater  decrease  than  a  eaeplete 

.     .:-.„■:..'.  j  (15 )#  working  1  ^wit  ococi  at 

•  dlVBi^asaco  aaoi  ?  ft  vn  ptibillfcy 

o  to  difforenoea  in  nutrition*     >ii 
truiika  of  sokjo  applo  troe*  mm  experimentally  produced  by  Stn,?     » 
Salt   j       illips  c  mm  to)  by  a  rail  »  of  -o- 

o  .,.,-.:_  ..    3  aaiai  ■  p  ml  fiww*    ret*©*!**  effaot  f*aa  the 
use  oaiu-.:  even  whan  the  potaaslun  mis  a]  first 

aid  ooiiclud  c  tobs  due  to  ;en- 

ant  which  allowed  it  to  ovarooaa  acre 
easily  tiiC  frost  injur   . 

■  lemon  ooodlingoj   Qocholaalivili   (1  d 

©heel,  b  Of)  p&&  cent  of  tlieir  leaves  due  to  cold  toispera- 

tures,  while  tboaa  gocelTlnq  n  application  af  mmmph  nlti-o  --» 
pboaplioruc  and  potassitau  lost  only  29  to  33  ;?er  cent  of  DM 
loaves,     tJhan  Sarah  slag  was  used  in  place  of  manure  with  a  com- 
plete f  Bar*      iq  loss  of  la*         i.:o  to  low  UBaperature  was 
reduced  23  to  2$  per  cent* 

In  tiiGii  the  bardlneaa  pa  fc  tre 

Jushnoll  (12)  note.  excessive  fortllisatlon  preduaed 
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«8  abundant,  succulent,  tender  ^owtn  very  ausco-  tlblo  to  c   . 
IT,       other  Q3ctronse>  a  do         £  nutrients  esistod  tbls 

ass  a:    .-trliaBt-ital  t 

3fc  3f  cosRSreial  fertilises  or 

Lt  trees*  Cooper  and  fftgpps  (?)  found  that  :v 

vigor,  af footed  sdntor  saortality  of  buds  only  as  IMP 
stage  of  oatarity  of  the  isaa  influence   . 

Ifcotrlton  and  Dorsey  (2I4.)  I  *  slightly  greater  lisrdlncss 

in  the  bud^  appli  f  a  nitrats  fertiliser ♦ 

Crano   (G)  observed  that  fertilisations  wi  ,-*ate  1  a 

caused  buds  of  peac  Ml  to  so  uoro  susceptible  to  winter  apy« 

Hi©  foil:  fca  .Tore  applied  to  v.'         .*da 

apos  t  ..lain  ^HHMAni  aud 

->©«*»  phosphorus  and  potassiu:  i-agaa  and  pboap* 

nitrogen  and  potasaiuuj  and  pbospliorus  a  taasiua*    5bo  result- 

j  difforaneas  in  injury  or  killing  vara  not  creator  than  should 
be  oapeetod  duo  to  experi&xnital  error* 

Kopltke  (27  )#  in  investigating  tha  effect  of  potasalun  salts 
on  ardeniag  of  coniferous  seedlings,  noted  severe!  changes 

dua  to  application  of  potaa  biliaers,  /tilis-er 

promoted  ths  aooucLvlation  0  the 

ti.  ^f  tisa  aaoal  3*a  aa«  an  increase  in  tbs 

aontont  ..Tarsal.  H  proasura*  and  a 

dozv  HMi     ivooal-t.;  t>oi  t  Mt  Ifefl  IMJN     ill  u  cat  0': -a_.vc  i   3&oatea' 
a  saarkod  i^woaosaant  in  tbe  ability  of  eyjr  or  plan  I  ick 

to  s±th*> ,  .      id  conclude  a  be!:  ratio  off 

an  adequate  sup 


to  few  the  zl  alto  for  tlso  production  of  frost 

ant  stoc   . 
la  Ms  study  of  tlio  of  feet  o  liga  salts  on  tha  viator 

hardiness  of  barley,  lEasuda  obsaa*<WNi  that  a  dsf  i^i«twy 

potasalisa  Iniiibitc  the  fonsaitlon  of  sugar  aM  t&s  plants  becoa® 
less  hardy*     4  htgfc  a:  tlon  of  potaasiuja  under  low  tospejraturss 

■SB  sugar  content  of  the  plants  x:  :onaequ«ntly  be- 

eotae  hardier.     Under  conditio;  is  of  an  ordinary  greenhouse,  ft 
application  of  p  duces  rapid  growth  of  plant   , 

t:.o:."'.   v  MPti..."     "     •.       ■-•   .    :■.'.     ■•'   s  ■;   ;."-.-.•   eo  .t:nt.      Eb©   effect   Of 

tassiun  for  1  crcac  a©  noticeable  two 

or  Ifepa*  .  af tor  Its 

stud;-in£  fcli©  o.'  y£  nitrogenous  f  sera  on  £3en- 

tucl:y  ,     we  I  v/slton  (!;.}  not:  -.*ence 

oc     to  cold  of  fertilised  and  unfertilised  gWHKK  m 

exposed  I  harde  rditi    .-  Kentucky  blusf^ass 

was  harden©  ,   •   m  grass  receiving  ftht  ^genoua  fertiliser  was 

sed  plant, 
iball  (22)  fou>d  herbaceous  as  treated  with  Ml 

we:  i  lo wt  rati  nltimni  t; 

Do-rtor  (Q)  observed  tha  ;ar  wheat  groan  wider  exc  -'. 

■8b."         nitrogen  e  3  in  fi         "on  vc  In  abi  to  harden, 

$b*»  grown  dsgreea  C*»  without  ttfj&t  I  aes  kl  'ilj\  la 

nitrogen  did  not  liardon  wbila  those  low  in  >soo  hardsned  wall 

in  tlK>  darl:.     In  addition  to  '  abast..  » 

air  sats  and  oabba  a  grown  undtar  * 

co  2s  tha  saaa  pi  :rowa  in  surplus  •strl- 

a  and  low  i  surplus  of 


nitrogen*  did  not  hardsa.     la  ..»dia©s3  of  weeds* 

v   (11)  also  To  litrogen 

■  . 
T&i  sathod  g;  fcr 

esftj  i&gee  (37)  ifferenee  In  the  hard:' 

.'alfa  roots  gjpown  trita  applications  of  phoapiioras  and  potassium 

>liod  on  liay  29*  «•■  ap  ^ 

or  BBTt  ran  (1)  oc  t  lossoa  due 

so  «hen  al: 

- 
Hot  and  ftj&fe    C  study  o. 

I  ISesolan  or 

t%  under  Virgi  L.   ~,     -•_.  .i*o  . — 

wint  v  .Ida  oomtfurad  to  ehcck  pi© 

HMtt|  '-.//;.„    ;      cX  .  1      leflci   at  1..    Jir.;".._ia  coils!    ■..,...,    ~  -..      cou- 
'.anont  23ost  essential  to  increased  yield  and  de- 
t  of  tdatorkil 

niad  tiiat  an  application  of  pLospiJorus  and 
.aoaiiaa  to  a  aoll  c  NNSjS  soaount  c  ~*ogen  pro- 

Tided  oaa  of  winter  sneat  was  jsarked- 

tbe  total  sugar  content  ->oing  1;  j& 

PMMWpi  — .    i. .     HI  VI  ci.:,.c,  Etapttaaa%  «Mb»  *en  ■-•-•-  --  .-  as* 

....  o-  ...,  ..  .„  ..^.. . ..,    c  .:..    ..-.:Ow.    oi'.  :;   .,  o  ":...  b     a.    ...   •.  Us:    taailar 

rates  tfrggi  pot&aaJUan  in  tlie  fox^tilizor.     2ho  aost  effective  ratio 

±<mw$»  vj&£  Under  - 

rival  a  hop  cent  sand  the 

-e  to  .    .  aft)         .o.,  ..   . 
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mm  l 

the  plnn  =  -  sold  ly  4ae  a  pore  /Ival  of 

tSie  plants  isas  reckicoc  to  12  c  •  .isjar  c 

./  per  «ent,     ".'  Icaa  reeosagfissle  .t  whei. 

it  o!k;  accoEspanted  and.  esee  &«fl  eg  mat  and 

.-issiura*     Be  agreed  wit?:   .llet  anc.  nsapr©d  to  abov 

mvl  X«ude  and  Uetager  (31)  as  offset  of  imnurea, 

alone  mid  In  Ma  i  atneraX  fertilisers,  <  oaAag 

-  ardisa*  . 

Lands  and  IJetsger  (31)  tested  Kb*  }iordineas  of  wheat  seed- 
.31  tbafc  bad  boom  grown  In  a  low  fertility  soil  to  w ich  «m 
added  low,  ope..-  i -,   and  bigi  l  •       mm  both  wi 

and  without  applici.  C  saaBre.     2hoy  also         >3&  plants  rjpown 

ah  raw  added  a  Ui$i  -a  of  | 

oMHI  v;  'tenure*     Sbair  results  ind:  at  a 

^bflepframw  api  a  low  fertility  soil  t  - 

»#Mii  of  UN  sfoe&t  ao  that  the  plants  were  nearly 
as  roc  t  as  thosa  grown  oa  a  fertile  soil*     llewewer,  if 

phosphorus  was  applied  in  assail  .  I ties  to  the  los?  fertility 

m  pla  :  •     fhey 
-    its  grown  on  f  >»re  laarfeec; 

Hfispe  resisted  to  sold  tea®  t.-.o-o  gNNM  In  i^MPiutini  ■•11** 
voljev  ilsk)  iuci*oased  the  frost  resistance-  In  wheat  and 
..da  If  application  of  plsoaphorus  and  potaasiiaa* 

Testing  the  pi  to  17  degress  C*„  for  t«enty-four  honors 

he  found  a  Eaaeli  higher  survlv  a  receiving  these  aleaaen 

ai-dinesa  in  t  uita  was  augmented  even  ao*a  whan  tiie 
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tSDOunt  of  fertiliser  wis  app;  ■•* 

BK  last  cultiv;  *,  at  sowing  Ml 

fcillar        If  the  ahol©  arjaunt  was  •. 

Lorigneckor  and  Gray  Or  &  application  of  £00 

pounds  of  l^-12-l  -  fields 

of  winter  sheat,  rye,  at*    .  be: 

leraella  and  fcbeir  oxperl&c     at  wheat 

idlings  sroan  on  low  and  aediua  3    a  of  fertility  differed  but 
littl       It  eo"    slstance,  blga 

.-els  o..     '  Ity  wora  lsr@&  «a&  aueculent  and        -.lie 

aspo..     o  lew  teapcratura* 
In  a  .   V,  oil  tl_e  of_'oct  Of  f  ..'.'*. -  '-::■■-    -  ov.  ■£ .;tsr  hardiness 
in  clover*  Sopersinskii  (2  ,  b  pboaphafces  and  potas- 

ior  alone  or  co:  "ollow- 

increased  wiv         jss  in  the 
these  fertilisers  pro:  -otod  trie  a        of  proteins  throng* 
hydrolysis  and  da      isatic  .*in  cot** 

convert   .  m   simple    ,  sore  stable  for 
-roaaed  respiration      ,  tsblle  i 
phates  did  not,      is  was  ITmneJil  uad  s  to 

be  adverse  to  cold  r  aaiuaa  on 

tlao  c         ^creased  minter  hardlneo::     lie  plants  duo  mostly 
to  the  tonic  effect  of  chlorine  ions  pone  es  in 

vitt  (32),  froa  bis  cr     I  roviov  of  the  affect  of  aim 
-  frost  v  .^orally 
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excess  nitrogen  f 

,  if  t  ,<3- 

eor.jcs  t  tar  -©duoe   . 

mnta  are  loss  atrl  jpaaral  a  deficl 

i*ardl£«»£ 

hardiness, 

rs«  overwi  ay  be  afT©-.  bat 

zseoas  pc  appears  to  Ml  true  rros*  rs- 

BISSRIAX 

war©  obtainc  * 

i  graeribouao  ■  m 

t  .  .    .; 

jbe  e  0  was  an  eroded  subsoil  a  «d 

frou  |M  ■■**  °r  **  ••  *     *****  •»•*■ 

I  aubsoil,  1/10  by  welgsfc  •  li  *»»  *£ 

to  iiapr 

lea©  e:speris*»nte  <••*•  dad  f*aa  five 

nufcri 

(1)  A  co  I  *orua 

(2)  A  fertiliser  of  nitroepn  an  a. 

(3)  A  fertiliser  o  aphorus  on' 


r. 


A  fertiliser  of  nit: 
(£)  The  untreated  so:  , 
Iii  the  garden  flats,  nitrogen  «ss        il^IK)^  at  the  rat© 
of  250  pom    ip  aero;      lorus       .'oans  of  C       ,2  at 
pounds  per  aero  and  potasaiua  a*  EC1  at  100  firwiaitl  per  acre, 
while  on     :gronot.:y  Pa:  *aa  a-         /  100 

pounds  per  acre,  piiospaoruc  at  5  otaac       $  pounds 

par  aero.  '.:  .  ,0  tUc  tbroc    a,  ro.  1  five 

utility  levels,  six  rows  of  gral-  3!?  seeds  were 

at;  a  depth  of  '  to  1       Ehdor  optiasss  as**:  '      of 
ssoiature  and  teqpo:     In  the  greenhouse  the  seeds  gerwanat 
and  obtained  a  ratlier  ujiifona  heighth  of  three  to  four  indie 3  by 
the  and  of  the  fir  at  v/eek  after  planting,  at  wVdeh  tiro©  the  flat  a 
sere  removed  frou  the  green         0  garden.  There  the  flats 
tsere  grouped  into  a  e a  pact  unit,    r»©  sunli.     d  drainage  were 
well  equal:        vera  banked  wit     i  to  reduce  border  effoets 

on  the  pi 

The  fall  weather  conditions  ^ere  e-    :.vc  to  rapid  growth 
and  strong  til?-c    ,  fbB   flats  of  tlie  different  fertility  levels 
soon  allowed  signs  of  differentiation  whieh  appeared  in  two  general 
groups:  (1)  the  nitro^en-phospliorus-potaiisiua*  nitrogen-pbospho- 
yus,  c         'us  flats  had  larger  plants,  greater  nurfcer  of 

.lore  and  ware  of  a  darker  green  coloring;  (2)  tlie  nitrogen  alono 
end  tlie  unt      ."lata  wore  smaller,  produeod  fewer  tillers  par 
plant  and  load  a  lighter  green  color   .  She  plants  ©pawn  in  I 
flatt      SKiallor  and  tillered  loss  than  those     •  field  plots 
probably  due  to  the  late  pi     g  date  of  sas)  flats  and  the  acre 


absrply  cient  subsoil 

;.ratrl- 

^lanto  for  Isaont  vior©  I           ;d  froia  the 

soil                                            .  ■  a  souro©  (eithor  garden 

flat  or  Agcooouy  Parr:  •  to  retain                        Jtoa 

x»oo  .  war©  oountcd*     BhI  p3Uffl 

«©?  llf  of  ^ 

fertile  soil  and  in  the  other  half  a  nonfcrtil©  subs©:"    .  at» 

«©ro  placed  in  tho  freeser  room  and  subseqi  ruw»»©d  to  t 

gpoe;  wlwai*©  th©y  were  retained  undc  a  for  re- 

/ery  and  growt  «heat« 

>  froi  eat  condition  wore  transplanted 

\ie  soil  :  .  Into  "iua 

one  o  oxperiwant  I  4  10  i  ..  froa  each 

» 
tttvi  I  five  fertility  levels  «  o  flat  was  rotated  in 

subsc  so  any  -• 

Ion  of  the  iMont  it  waa  dot; 

pMM  t  o  _<Xanfca  to  auefc  |»^>©rature  and  for  sues  period  or  feint 
in  the  oold  roon  ao  would  kill  t  I  ast  hardy  of  tli*  group  and 
wot.:  o  littlo  if  any  of  the  Esost  hardy*     33x1  s  proved  to  be 

a  v  »!•»•  &r©no©8  in  hardiness  a.  d  to 

a  stage  of  develop:  >e  at  of  tine  plants  in 
ear."  a.  compared  to  later  oxperii.ients*     ./id©  fluctuations 

tesaperat        |     soistur©  and  1  over  a^ort  periods  of 


during  Deeeaabor  and         Dbabl 
of  bar 

haiapered  by  valuate 

an  sarly  date  after  freesi  (       ^e  of  Injury  or  v/inter 
hardlnoca  before  ;ns  wore  exposed  to  frees- 

...    , 
evaluation  of  reaiatanct      1  ware  used:  (1)  the  percentage 
of  PM 

eatii .         a?  and  growth  of  the  surviv-  (3)  the 

degree  of  ©old  res.     te  otc  afcage  of 

'She  oold  chamber 

SK)t,  wore 

jgulat  a  n»r- 

ilod  .  c  fun,   for 

asi                      dLfors  ~-&wmmr  air*  i*           ed  tlie  fluctu 

of  the  tor.  ohazab»r  to  1  decree  ?•     Bo  at- 

iido  i  .o  ttaanber, 


ducivo  to  h£ 
onbor. 


of  reseat  f  5 
:     (1)  t—lwrc 


ort 


. 


«nOO    V. 

it: 
ho  ml      .    le  to  bm 

aturo  sXacM 

light  xaust 


. 


(3) 


*S 


tar  i 
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but  it  was  assumed  thi  b©  conpa  at 

loors,  fop  til©  clays  on  #•;.;■•■  .  „>erl;aont3  were  conducted. 

fiutri  sficl  of    .:.- 

■  garden  flat**  as  fchsy  I  - 
jpod  and  entered  their  --naant  stage  faring  Daoesfcor, 

vooled  a  cIoei  dlff©rontic  .*©en  fertility  levels  -»ith 

:o  sis©  c  b*j   aurabor  of  tillers  raid  color  of  pie  to. 

2o  tost  what  «ps>c  •  plant  nutri- 

ents, a  chenlcal  plan*  i©  testing  kit  was  utilized.     _Y.ie  kit 

-s  wau  1  and  Plant  Tissue 

bating  atnj   developed  by  ilversit:  *  ssue  tests  w©r© 

jro.jea,  pijoopborus  solum  on  plants  from 

I  of  th©  tost  I 
A  w~  MP  tli©  kit  lat  sad© 

five  fortuity  levels  selected  troa  the  wljeat 
tr  te;  ts  on  th©  &gran©8sr  rarm  vers  also  tested.      GM» 

over,  the  visual  diffe  atlon  between  plants  from  th©s©  various 

•fcility  levels  Hy  observe... 

Mo  ma-  cioiicy  of  any  of  the  thre©  olozaants  was  lad  - 

©  ©ijomical  .     Th»ro  wore  slight  differ  in  th© 

jf  these  ©lojaents  available  as  shown  by  th©  oolor  of  th© 
.il  tests  but  all  threo  elensnts  war©  ©ither  high  °**  very 


M 


QMrtt:  /jsorvcd  differ.  I  in  the  plants  were  due 

a  C  jncy  of  o  -1  or  e&anc  ~>y  the 

plant  fov  awth  was  not  d. 


Ian  o:.  jJsperiEJO  -wlded  for  digging  the  plant* 

frosa  jmwtei  soil  fron  the  roots  by 

•hafrtng  and  washing  and  ft  tranoplc.  ■  two 

soil  conditions  \£iere  tl^ey  wore  frc  pf  plant*  due 

to  tliia  procedure  was  evaluated  in  order  ha  differentiate  between 
trana  lanting  and  Urn   iiwujiigatiwi  looses.     Conie-qneatlyj    /-o  •.  o.t 

ok  fl  re  run  to  detenaine  if  the  :.&rtality  of  the  plants 

3 

j  to  Che  process  of  transplanting  were  significant.   1  .osc 

check  flats  consisted  of         liar  a:;  to  si  so,  so  roe  and 
transplant!:,        o  but  were  ;ot  esqpesed  to  freeaing  tenpara- 
,..:.•  , . . , 

listed  in  Table  1,  ,  are 

several  flats  which  o;l tl iot   wwp©        sod  to  s       fely  low 
teiperatur©  or  not  exposed  long  enough  to  cause  dil         ill- 

wlilch  tliereforo  nay  bo  used  to  estimate  transplantiiig  losses. 


2 

She  rating  used  for  those  elaasants  in  this  tissue  testis 

.:     v^ry  low,  lov,   :..wdiun,       .      ,    ■..  . 

Seiaon  (  In  the  resistance  to  cold  of 

r  a  fttesf  latter               .acre  hardy. 

SS  Of  V©  tO  til© 

the  root  >  difforence  between  plants 


f  II  ■  «l    A<»   SM.4  1    „,-..-"   -,-1  • 


which  retained  the  soil  as  such  as     jle  in  the  tr.     nting 
process. 
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It 

loa 

. ... 

lo, 

anour 

■  tc 

-r  cc: 

Sabl©  !• 

! 

Plat         » 

'Sranapla:-    . 
data 

or  of 
*       tranapl. 

•     UuSber 

"cenT 

Ghcclc 

u&AAfl 

50 

c 

0 

JC 

12/11/Uj6 

60 

0 

0 

late  S 

I2/U4/I 

k$ 

X 

2 

Fl:.u        1 

T">/"5 

50 

0 

0 

12/20/1$ 

50 

0 

0 

lat   ,  3 

12/20/1 

50 

0 

0 

I  at  ,7  U 

12/21/1 

$0 

0 

0 

1/1S/U9 

£0 

1 

2 

Chock 

2/I1A9 

50 

0 

0 

Slat  #  25 

2/1C/U9 

$0 

0 

0 

26 

2A^/29 

50 

0 

0 

Plat  ..,  29 

P 

$0 

0 

0 

30 

2 

.31 

Soil 

Toasperaturos  :^urln.j;  Precal.:       Mts 

2irat  the  1 

.-t  c                        jaay 

taw!  m  t 

.:.'  .,    _.;.U 

atovrtelllk^  of  winter  grain* 

- 

^©  co  ultlons 
was  to  satui  ore  use  so 

ttaat  at  t  tram>  I  was  at  «r.  .<am  fri- 

a  nmtliii <i  i 

jIIc  soil 
. 
twe    -,11  via:  a  small 

taiaperaturo  con. 

ice  a  single  flat  constituted  a  replication  of  the  exper~ 
ioent  in  itce-lf,        "oillty  of  border     ,a  being  exposed  to 
a  lover  taorperaturo  isoro  quickly,  t.  aw  a  longer*  perio 

.o,  was  com. 


£ 

lHajos    (2;  aoil  -ioiaturo  C' 

of  whea                   4SP  to  low  toiaperaturc,  conclu<  - 

oc                                                      life  growls.  .,a 

to  .ants                       s  re- 

a  axtresaes  one.  led  i 

-*e 

3m  ov..-     reason   GO   M .-j--j   eBKl   JOT1    ....  u;      ...:...-.-.      .     w*..   - 

1  ia  warssar  than  a  L  of  the 

a  lorog  -  jo  gronjai  i.  e  op. 

-s  frozen  c. 
ja  occ     .  in  t  at 

.oe  and  watc.  ;  jxs  o     - 

hall  tor  a 

11  and  9a: 
joll  s  red  store  seweroly  than  plant3 

in  a  wet  so  oat  of  wate  b  lag 

3  poll,  t  low  eroirozsaantal 

ance  of  a  plant  by  rota:. 
.. , 
■  >   .  ot  be 

^j ..    o  . 

..      1. 
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croan  and  i     of  the  j         be  exposed  four  theriaoBetera 
a  flat  wnm  MM*  ,  -tion  c 

ante  and  an  .  .1  plant      of  the  flat.  Shift 

•;od  I:  >il  and  nonfertile  subsoil, 

c  Iieat  of  the  fertile  soil  differed  appreciably 
from  that  e  Ho  subsoil  thia  would  also       r- 

i©  four  themoiaetera  are 
ahovm  in  Elgure  1*  Regardless  of  the  above  possible  conditions, 
howovcr,  Mm  plant       a  of  tl»  five  fortxli-:     jla  •oere 
ferent  replicates  to  obviato  any  error  from  thia 
rce. 

Little  difference  in  the  tar^araturoa  prevail:      iffer- 
ant  loci  was  f 

oco  .-aitions  atom  at  little  if  any  dio.^dvantaga 

aoaparovi  to  jd  in  t   the  flat*  Aa  11- 

>aparativo  soil  tamper     a  observed  w;  lie 
■  -  degrees  P«  are  give 
rare  2  illustrates  by  graph  (as  average  tetiperature  of 
the  four  thersawetara )  the  drop  in  soil  temperature  whan  the 
d  chas&er  was  thar     ically  controlled  t     degree* 
a  graph  explains  shy  wheat  seedlings  in  a  at 
vivo  f         iditioiis  wliilo  pi     in  a  dry  aoil  do  not. 
fhe  love  i    perature  c         tha  freosing 

.at.  is  duo  to    neat  released     &  water  uolecules  1 
jnge  of  ate    ow  a  liquid  to  a  aoli. 
(callou  lie  fair:         t 

tetjporature  drop  up  to  t  is  referred  to  1     4 


20" 


"' 

+■  T2 
Nonfertile  soil 

>-, 

+  T4 

Fertile  soil 

20" 


Legend: 
T,  Thermometer  number  1. 
T2  Thermometer  number  2, 
T,  Thermometer  number  3. 
T„  Thermometer  number  4. 


Figure  1.  Relative  positions  of  thermometers  in  flat  to 
determine  soil  temperature. 
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tnvocti^r.tx'G  & 

• 

•    {000  fc                  .).     A  coll 

l&ygp 

■•--■, 

low  fcojaporatuyo 

;:':.,'     £".0    :?lv 

"or  i 

froxa  the  v&te:.  . 

bore 

of  a 

m  the 

3  are  jsor*  sub- 

jteefced  to  Io-ej  eztxmum  of  ioEjperat 

uro  because  ico  ssox»e  readily 

©old  t 

a  dry  soil. 

Stable     . 

:.l  twape:                      [g,  dlfforanfe 
MS  a  k^ 

positions  in  a  flat 
>a  of  cold  cbanber 

ml 

■ 

1 

f  - 

a» 

,    ,  f«'„ 

*  tes^pfpoture 

0 

73.5 

73.5 

73* 

73. 

73.5 

1 

60.S 

61.5 

-.5 

1.0 

61. 

2 

&>.5 

2£. 

ta 

U$>*5 

!#. 

3  i 

. 

Ui. 

»*t™-  •  <** 

1*2.0 

• 

5 

35.0 

35.5 

.5 

.5 

36.0 

? 

31* 

32.0 

33.0 

33.0 

32.$ 

9  1/2 

31. 

3C:« 

31.5 

31.5 

31.0 

10  1/2 

29.5 

;.5 

31.5 

31.5 

!   .5 

11  1/2 

.. 

29.O 

. 

31.0 

29.5 
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27.5 

27.0 

.0 

27.5 

13  3A 

22,0 

25.0 

23.0 

25,5 

.0 
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22.5 
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3.5 

.0 
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1.5 
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2.0 
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1.5 

-1.0 

0.0 

0.5 

.0 

In  of  expo:  laaiago  to  the 

caused  by  •  freasin£  taMaperature*  was  oaprossod  in  teras 

Of  pe:  of  till  i  group  of  plant    . 

-  boon  transforsjed  into  are 
sines  and  are  repo  ;orsa  in  the  table*       She  tillers 

flat  wears  com 
ion  at  -.'  ee»  P.  for  a  dod  ■  tin  21  dr 

•  Qx;>QY±imit8  wore  obtained 

fror;  t   o 

, 
•a  that  a  .3d  woi 

found  between  "o  no 

■o  in  ;  transplanted  in  the 

rtile  coil  or  n*tile  soil.     *2be  following  siattaarlsation  saay 

e«e  data  asto  differe.  >f  plants  grown 

itions;      (1)  the  cold  resistance  o  t» 

pus,   as  expressed  by  I 
porco -'::::,,,   y£  tillers  s  rrivin  ,  was  aisnifieantly  greater  than  t  o 
cold  :.  Of  a  ;s  fro:  »**t 

aphorus;   (2)  MM  cold  jpwr*  in  soil  to 

which  phosphorus  was  added  was  significant.'.  r  tlm: 
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rewiataneo  oT  plants  grown  in  nitrogen  tr     soil  or  untreated 
soil  out  was  not  signif ic  an  cold  resistance  of 

plants  fr  •-        -  I  (3) 

.If~ 
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Tabic  5t    Hating  or  v.'  >f  plants  from  different 

mitr:'.  -<*  t*ing  froson  at  ~i<.  de 
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Hours 

frozen 
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Htttr: 

11    • 

plants 

qpsr 

:  |  a  m 

orl-* 
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tt 

35 
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10 
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50 

50 

30 
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30 

30 

11 

142 

to 

30 

10 

30 

20 

26 

U2 

n 

2£ 

10 

20 

22 

26 

Totals  3^5  325         200         270  215 

mm  $1.$       SM      33.3      h&*       35.6 

Lc;    .gnificant  dif       'between  nutrient  conditions"  . 


•0  ill.  .  roe  of  i:'ij;  m  an  adv     al 

(flat  C   .   ,        '.voly)* 
o  it  nay  also  bo  oba.rvod  that  0MI  liwlrrtftntl  con- 
a  of  11  ■  frosen  t  on 

the  survival  of  tlje  plant.  Plants  in  the  nonfartlle  soil  (upper 

clan  of  each  flat)  were  not  injured  wore  severely  and  survivod 
as  well  ao  the  plants  in  fertile  soil. 

An  anal     >f  thoao  data  gave  a  very  nimbly  signify, 
value  of  21.    »  varianoo  between  the  *!*«      B*  oondli 
She  least  a       -       difference  for  t  o  5  per 

lovol  ity  mm  .  ?«  -ith  this  difference  re*> 

quired  for  It  trf.il  be  noted  that  (1)  tlie  di; 
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In  injui     .aaon  pla    -own  on  soil  treated  vsrtth  nitrogen- 

pfo         tossi  1-4:1  op  nitroge,       :>rua  «  ttj 

(2)  plants  gprown  on  soil._  .  nitr 

potaosluja  or  :  ;.  ijupod  significantly 

lcs3  than  plants  frox:  .  phosphorus,  nit 

or       od  soils;  (3)       'rcea  the     .xorus  nutrient  c 

dition  were  injured  significantly  loss  IKttn  plants  fpoa  nitrogw. 

treatod  soil  or  uir     »d  soil. 

Cold  Resistance     otonal  ;o 

of  Plan 

In  another  osmll  set  of  e;q>eriiaent3  t:     parativo  eold 
M  v/as  »V:  >ercentago  of  plant3  that  were 

killed  by  frees!  .     its  in  the  garden  flats  used  in  these 
axporlnonts  nope  not  transplanted  as  were  tlxose  in  the  two 
previous  sorios  of  ut  were  frozen  in  the  sas» 

nutritional  condition  in  wMch  they  u>ere  grown  without  dlsturb- 

the  root  system,       xutrient  lovol  was  rep-        j  a 
full  flat  of  ■.    a*  The  results  of  these  experiments  arw 
given  in  ?able  6, 
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»wi  in  five  different  nutria 
.Ltions,  l  by  lot;  teiaperatur 


Htiiaetaafe  cond: 

1  t  I  t 

i * *tpac 


15  9.  67.  a.  .0 

16  11.0  ,  ,0 

$mmm         io.o  .1         02.  83#o         7o#5 


rata  soil  with 

ultro-on-  nitre  jen-phosphorus  was  a©*ln 

found  over  plants  from  the  resaai  Cortlllty  levels.     Tha  ab- 

of  pota,  in  the  nitro-en-pht  us  soil  ti'oated  flats 

did  not  alter  the  cold  re  ico  of  those  plants  ibly  be- 

cause of  the  unusually  hi$i  asaount  of  pa  .id  in  mat 

isas  aoila  unuer  natural  conditions* 

ovelopnent  of  Yc  lants 


effects  of  lg«n,  j  orua  and  potasalvra  In  Increas- 

ing oi  ;inoas  ore  \  j  uadtarstood.     Afferent 

applanations  hm  ,,t  of  whlc  ;a  tlie  ;ip 

of  those  iftHRul  xt,   protein  concentration,   ear- 

on  of  collolc  Ulering  and  dc- 

Telopaent  of  tlie  plant  in  relation  to  hardiness  vrere  considered 
in  tills  study  as  expressions  of  the  influence  and  thus  possibly 
aa  a  partial  eaeplanatlon  o  role  of  those 


of  laorOlacoo  of  v&nfcar  lafcoat  at  various  ctftjM  of  ^v^Xopor 
fb>  0oo(»E*al  oc  '  oao  of  xnot  at  tbs  roownwfti  was  that  v&oat 

boo.-:?.*:  10  as»c  lonDU  g»f?1*taOTfe  to  Cold  tfNB  tbo  |&ag&  ftted  o\.rvly 
shifts  firm  fefcs  ondoeporw  to  at»ap?ti:as  t£srai$i  4&»  *o»fc  a^at©  . 
i!£tor  fc'iic  law  roolotwmoe  of  the*  tnmaiti>m  poriod  oold  pssist- 


3»  the  aj^ortpaatel  \w»rfc  of  tiils  pp©S&m  tt»  fiw  fiwtmfcy 

iMtl  wmA  prMtity  wrtUfitrt  It*  itvgtagMWfc  or  N  yang  tftttil 
^Stm  avoragp  jss$x>:  .1  Heaps  fox*  pleats  Aran  tlae  fivw 

nutsdont  cttndlt&aao  utudlod  asro  jqpsaautad  in  %fe  HLg. 

©if£*lfIo*nt  dAf^ororiocc  . &af>  of  tillara  «f  plants  mom 

MA  -;-  NtfUMMt  IMlNMfel  m  *  fi»**t  M  rtNHH  |y  tin  I  MM 
in  ti»  analysis  of  mpis»a©»     2ha  pal  totuoon  mate*  of  tll- 

Jcps  pap  plant  il  is  U3uttte»tw<3  1 

..  kUoatoo  the  oawalatien  botaoaa  nuoboi*  of  ti liars 
jm*  2lm%  soft  fcsawliaaaa  4han  hgrOlnsaa  m*  «m  1  by  a  tfafci, 

of  *3$ar  a»2  gro««  Issxta  fioUwl^;  «w»aing  (firm  SUsl-- 

m»  mv«GP  m#i  In  gram  fw  areas?*  gpm 

in  the  fiiw  ziatarlaa*  amOlttaas  ar-  .1* 

wajpisno©  of  t&sae  data  ©awa  a  MLg&gr  aigaifiiaaat:  i  for 

Oififorsfflsaa  la  «ni.  m  a^  d&efasanfc  tattalaxit  lev©!:. 

7»»  planste  flpoEj  tho  fivo  fertility  lovols  v&eSmA  ia  daareaatng 
*oi££*  aa  folloess 
{a} 

.gaaapbavua  fcraat#cl  so 

• w         '    ."  -  -  ■'"      ■'  -  ■■       >•"-        .    ;-i       o: '.  ;;;    .;,.■•-      •".         ;,  ."  ■ 

■'  •'■      -  Jii-  v.:  <m  krofttod  soil* 
•sna  gpova  sa  taitvaatou  soil* 
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1?  to  24  t/c         pmri  i_  ..   fcke 
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0  •  In  di       nutrient  conditi  .  . 

t  in  ;_;rar.ic  for   t . 


y.r'c     »  HdBJJBife  gflpflltlon 

»  r  i  *"  '  '    '  *           ^ — 

':.'-:-  «          III-  »           I!  ...»          1-  »     treatment 

1                         .  31-0  .  .  2C. 

3                    23.  21.2  32.1 

39.  .  30.3 

g  •?  -3  23.1  17, 

G                  29.  ,  23.5  20.0  16.9 

J                  2G.1  1G.9  22.7  .0  17.0 

g                   30.  .3  M.  21.2  .1 

J?                 31.  .7  .9  23. 

^.  .  .  12.3 
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«  .1  .0  1Y.1  i  , 

•?  •  3.  3.7 
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I4..2 


oy  •  w  5.  3.6 

•°  K  3.7  .3  3*2 

9  £f  S-,1  3-6         W 


3.3 


3.  .            2.9 

00  *J  3« 

**             *3-  17                   12. 

*•§             13.2  1  .                  n.2 

23.1              u.i  19  3 

2y                       ■                 23.                     .  .3                 111? 

30         2o-3         .        13.5  %$%        ie: 

•**           503.7            .          360.S  )**£         259. 

Jam*           20.1          i6#9           u^i.  1  | 

Loa:                 -Meant  dlTf           3  ^fcsecn  |  :  I.69 
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Hit  -sere  not 

nlfleautly  different  in  :or  raere  plants  of  :  ioru» 

tr  oil  treat od  soil*  i  the 

:  of  •  .aas  evaluat  vigor  and 

grocrfch  statins  of  plant;  u» 

It  will  be  noted  fi  ;uros  that  in  general, 

;ro\&i  under  good  nutritional  conditions  had  the  greate 

resistance  to  cold  and  war  I  the  most  t  tillered  and 

largo-  Jise,  me  of  tillers,     and  cold  resistance  while 

plants  frcKi  nitrogen  treated  soil  and  untreated  soil  were  «a*21~ 

est  in  si  so,  maaber  of  tillers  and  had  the  lor       I   id  resistance. 

6 
s  aspect  of  hard  is  oell  giiWBMi'frimit  by  Levitt     ''it  ia 

t  Baft  dovelopucntal  stage  It  Is  of  paraao 

tanco,  bat  cert;.,  mal  c.  lee  xiorsaally  associate, 

with  it.     rJSjjQ3©  nay  be  raor. 

M  sical  (carbo  acr;  3   cell  sap  ooaaoen- 

trati-  - 1 . 

.•relation  noted  between  the 
also  and  rasnber 

'Wbp.  part  to  .  wide" 

strongly  influenced  by  the  nutrient  condition  to  which  the  plant 
la  grows,*     S!be  nutrient  condition  is  relatively  u  HPtant  to 

the  recovery  of  the  pi  i  free  sing  but  beoones  «tant 

again  In  ant  growth  ef  the  oro-  . 
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A  practical  aspect  o_  lan  augcosta  itself:     that 

ia  lainter  -dieat  areas,  i«M*r  -jury  and  Idllline  ara 

aer-.  biers,  fall  off  a  cor, " 

rapy  reduce  apprer  s*  <Bflaaa!«a  soil  ^at  dsfieianoiea 

During  the  fall  aw*  winter  of  UtybfcP  an  investigation  waa 
Bade  on  the  o:  -1&  resista;  C  -winter 

iftaat*     Plants  war©  groan  on  soils  treate  an-ph 

,  nit....-  SPua*  nitrogen,  phosphorus  w 

untreated  soi   * 

Plants  frm  the  five  ■  observe 

differentlato  Hi  ■**>  «C  tillers,  at 

tissue  tests  - 

■a*/  foi-* 
ats  to  da  o     ortality  of  plants  MB 

oval  &NM  field  or  tag  Into  a  **** 

aoil  revealed  a  nogHjtlil         M  awounting  a  -  of 

a  per  cent. 

Baa  effect  of  variable  soil  temperatures  t  ■  test, 

duo  to  t.  la  the  flat  and  difference  in 

t*»s>erature  between  fertile  aoil  and  nonfertile  soil  was  M 
al<:  'Jaaparaturo  of  t;i©  aoil  varied  but  all  at  dif- 

.ant  la  flat  or  between  soils  and  was  :'-dered 

ii:  ;  its  e  of  1  to  tha 


39 


C  ms  ova  jx&b  froa  the  five 

•centage  of  tillere 
survivi:       its  fron  the  nit:.  id  soil 

were  noat  resistant.  phosphorus  treated  soil  wore 

fair!       liio  nitror  -    >taasium     b  veil's  low 

in  resistance  co-.iparod  to  2  Plants  fros:  untreated 

soil  and  nitrogen  treated  soil  sore  least  res'    t. 

Cold  tgl  co  of  plants  frost  the  five  nutrient  levels 

vats  aleo  evaluated  b        w  and  growth  of  the  plants  af  : 
freeaing*      g  fro       aa»{&0sphoFua*>£ otassiuu  end  nitrogen* 
U3  treated  so  333.       rroa 

:irdino£a  ai-     its 
grown  on  nitrogen  treated  o         Jiited  soil      .0  lot 
. 

vantage  of  v/as  also  xu  the  has 

fo-  oss.  la  tail       of  experiments  tli© 

plants  were  not  transpln    as  were  the  e* 

vlcus  series  of  t 

pilMNl  '•' -  '•■-  '0,\u ef  soil  :j\cl  a  .:.r.  .,;.*o  y...~       ;j  hSVUfl  treated  soil 
bad  caarkodly  fewer  plant.         freezing  temperature  Mel 

;pharua  treated  soil,  a  nit: 
1  or     treated  soil. 
A  correlation  was       twean  also  of  plant  with  hardiness 
and  between  noobor  of  ti     per  plant  with  hardiness. 

It  that  ]  fcijoct  is  duo  in 

:.....   .      ...  ■ .:  .-'..vi  ,::..•;..: :;  :....:......  •....:..:-  .^j  -2  ---  •  ..;"'-;/  tew 

fluar 


ko 


xxatri  iition  of  winter  Tjfoeat  lo  relatively  uai: 

.3  recovery  i  plant  after  freesing  but  beeoiaes 

iiaport  JBdn  in  the  subsequent  growth  of  the  plant, 

A  possible  practic 
2a  *t  iieat  area*,  vrhere  v 

>us  problen*  a  fall  ap.  aqp&et  tlliae* 

jaay  .ore  soil  :Ist< 


ia 


Ml  realised  In  the  conduct  of  this  problem 
and  tn  the  preparation  of  tMs  thesis,  tltat  on©  Is  dependent, 
to  a  groat  extent,   on  the  t,nau  -  have  ^orie  before   .     i'o 

jajor  inatruc  isor,   the  writer  wishes 
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